t ' > 

wo 2004/003642 



UQUID CRYSTAL DISPLAY AND DRIVING M ETHOD THEREOF^ 
BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a liqiiid crystal display and a driving 
5 mefliod thereof. 

(b) Description of Related Art 

A liquid crystal display (LCD) includes an upper panel including a 
common electrode and a plurality of color filters and covered with an alignment 
layer, a lower painel including a plurality of thin film transistors and a plurality 

10 of pixel electrodes said covered with an alignment layer, and a liquid crystal layer 
interposed between the upper panel and the lower panel. D ata voltages aiid a 
common voltage are respectively applied to the pixel electrodes and the common 
electrode to generate electric fields, which determine orientations of liquid crystal 
molecules in die liquid crystal layer. The orientations of the Hquid crystal 

15 molecules in turn determine ti'ansmittance of light passing througli the liquid 
aystal layer and a desired image is displayed by controlling the voltages applied 
to the electrodes. 

A polarity of a data voltage applied to a pixel is reversed between 
adjacent two frames. In addition, the data voltages in a frame for flie different 
20 pixels do not have the same polarity. This technique of differentiating die 
polarity of the data voltages for the pixels is called inversion, and the types of tlie 
inversion include column inversion, one-dot inversion, double-dot inversion and 
so on. 

The column inversion reverses the polarity of the data voltages for 
25 adjacent pixel columns. The one-dot inversion and flie double-dot inversion 
perform a line inversion as well as the column inversion. The one-dot inversion 
reverses the polarity of the data voltages for the pixels connected to a cm-rent 
gate line with respect to that for the pixels connected to a previous gate line. 
The two-dot inversion reverses the polarity of the data voltages for the pixels 
30 connected to the current two gate lines with respect to that for the pixels 
connected to the previous two gate lines. 
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When an image displayed on a screen has a pattern like flie one-dot 
inversion and tlie colunm inversion, flicker is generated on the screen. The 
fliclcer is resulted from the diff ei'ence in luminance of the pixels supplied with flie 
data voltages with opposite polarities. 

5 SUMMARY OF THP. INVENTION 

A motivation of the present invention is to provide a method of 
changing inversion type when a pattern generating flidcer is determined. 

The present invention changes the inversion type when a pattern 
generating flicker is determined. 
10 A liquid crystal display according to an embodiment of the present 

invention includes a liquid crystal panel including a plurality of the data lines, a 
plurality of the gate lines, and a plurality of pixels arranged in a nnatrix, and the 
pixels include first to third color pixels. A data driver applies data voltages 
required for image display to the data lines. A signal controller receives a 
1 5 plurality of fu'St to third color image data, supplies die received image data to the 
data driver, and generates control signals for driving the liquid crystal panel. 
The signal controller changes an inversion type when dot blocks are repeated in a 
predetermined pattern, each* dot block includes a predetermined number of 
successive pairs of adjacent two pixels included in at least one color pixels among 
20 tiie first to third color pixels, and a magnitude of difference in gi'ay between two 
pixels in each pair is equal to or larger than a critical value. 

The dot blocks may include first and second dot blocks wife the gray 
differences of opposite signs, and the predetermined pattern may include a &st 
dot block in a first row and a second dot block located in the same coluinns as iiie 
25 first dot block and in a second row adjacent to tlie first row. 

Alternatively, the predetermined pattern includes a fu*st dot block in a 
first row and a second dot block located in the same columns as flie first dot 
block and in a second row adjacent to the first row, and iiie first and second 
blocks have Iiie gray differences of an equal opposite sign. 
30 Preferably, the pbcels in each row are grouped into a plurality of blocks, 

each block including even number of pixels, and the signal controller deteimines 
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whether each block is one of the dot blocks. The signal controller may include a 
block counter for counting ordinal of each block among the blocks in a row and a 
line coimter for counting ordinal of a row including eadi block in the row. 

It is preferabty that the block counter counts the blocks by counting 
5 clock cycles after a data enable sigiial indicating sections for inputting the image 
data becomes a high level, and tlie line counter counts the rows based on timing 
of a data enable signal indicating sections for inputting the image data for a row 
or on timing of a horizontal synchronization signal. 

A metliod of driving a liquid crystal display according to an 

10 embodiment of the present invention calculates difference in gray between eveiy 
two image data applied to a pair of adjacent odd and even pixels in each block 
indxiding pixels in a row for each of first to third colors. It is determined that a 
block is fibrst or second dot block depending on a sign of the gray difference when 
a magnitude of tlie gray difference between the odd pixel and the even pixel in 

15 each pair in the block for at least one color is equal to or larger than a aitical 
value. It is determined a pattern formed by first and second dot blocks located 
in adjacent row and the same columns. An inversion type gf the liquid crystal 
display is changed when the pattern is repeated in the entire pixels. 

When determining the pattern, it is preferably determined whether a 

20 previous block in a previous row and in columns is the first or second dot block 
when a current block in a current row and the. columns is the first or second dot 
block. 

Preferably, the current block is determined to be a one-dot block when 
the current block is the first dot block and the previous block is the second dot 
25 block, and the number of the one-dot blocks is compared with the number of 
total blocks. 

When both the current block and the previous block are the first dot 
blocks or the second dot blocks, it is preferable that the current block is 
determined to be a double-dot block, and tiie number of the double-dot blocks is 
30 compared with the number of the total blocks. The number of the double-dot 
blocks may be preferably compared with the total number of the first and second 



3 



wo 2004/003642 



PCT/KR2002/002076 



dot blocks when the total number of the first and second dot bloclcs is equal to or 
larger than a predetermined number of tlie total number of the blocks. 

The current block is determined to be a first double-dot block when 
bodi tlie cxirrent block and the previous block are the first dot blocks. Likewise, 
5 tlie current block is determined to be a second double-dot block when both the 
current block and the previous bloclc are the second dot blocks. The inversion 
type is preferably changed when the number of the first dot blocks is larger than 
a first critical value and the nimiber of the first double-dot blocks is equal to a 
predetermined percentage of the number the first dot blocks, or the number of 
10 the second dot blocks is larger than a second critical value and the number of the 
second double-dot blocks is equal to a predetermined number of the second dot 
blocks. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fi g, l^ is a schematic block diagram of an LCD according to an 
1 5 embodiment of the present invention. 

Figs.^^^a nd 3 s how images that generate flicker in an LCD subject in 
one-dot inversion and column inversion, respectively. 

Figs. 4, 6 and 8 are flow charts illustrating mefliods of changing the 
inversion type according to embodiments of the present invention. 
20 Figs . 5A and 5B show one dot block. 

Figs ^7a and 7b show double-dot blocks. 

DETAILED DESCRITPION OF PREFERRED EMBODIMENTS 
The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of the 
25 invention are shown. The present invention may, however, be embodied in 
many different forms and shotdd not be constnied as limited to the embodiments 
set forth herein. 

Now, liquid crystal displays and driving methods fliereof according to 
an embodiment of the present invention will be described in detail with reference 
30 to the accompanying dravrings. 
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First a schematic configuration of an LCD according to an embodiment 
of the present invention and flicker generated in an LCD are described with 
reference to Figs. 1-3. 

Fig. 1 is a block diagram of an LCD according to an embodiment of tlie 
5 present invention, and Figs. 2 and 3 show images that generate flicker in an LCD 
subject in one-dot inversion and columii inversion, respectively. 

Referring to Fig. 1, an LCD according to an embodiment of the present 
invention includes a liquid crystal panel 100, a signal controller 200, a gate driver 
300, and a data driver 400. 
10 The liquid crystal panel 100 includes a plurality of a plurality of gate 

lines Gl-Gm extending in a transverse direction and a plurality of the data lines 
Dl-Dn extending in a longitudinal direction. Two gate lines and two data lines 
define a pixel area, which is occupied by a pixel. 

The signal controller 200 receives a plm-aJity of red (R), green (G) and 
15 blue (B) image data from an external graphics controller (not shown), a vertical 
synchronization signal Vsync for distinguishing frames, a horizontal 
synchronization signal Hsync for distinguishing rows, a data enable signal DE 
having a high level during the output of the image data for indicating valid 
image data, and a main clock MCLK. The signal controller 200 processes and 
20 provides the RGB image data for the data driver 400, and generates a plurality of 
control signals for controlling the gate driver 300 and the data driver 400. 

The gate driver 300 generates scanning signals from a gate-on voltage 
and a gate-off voltage supplied from a driving voltage generator (not shown) and 
it applies the scanning signals to the gate lines in syndhronization with the 
25 control signals suppUed from the signal controller 200. 

The data driver 400 selects data voltages from a plurality of gray 
voltages supplied from a gray voltage generator (not shown) based on the image 
data supplied from the signal controller 200, and it applies the selected data 
voltages to appropriate data lines in response to the control signals supplied 
30 from the signal controller 200. 
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When die LCD subject to inversion such as one-dot inversion displa)rs 
an image (referred to as one-dot patterai hereinafter) shown in Fig. 2 or the LCD 
subject to column inversion display an image (referred to as column pattern 
hereinafter) shown in Fig. 3, flicker may be generated. 
5 This embodiment groups the pixels into a plm-ality of blocks, each block 

including a predetemiined number of successive pixels in a row, and analyzes a 
pattern of each block for determining the one-dot pattern or the column pattern. 
A multiple of the number of the pixels in a block is preferably equal to a 
horizontal resolution. 

10 It is assumed that the number of the pixels in each block is N, and the 

number of the blocks is M. For example, an SXGA LCD with a resolution of 
1280 X 1024 includes 81,920 blocks when N=16. 

The signal controller 200 analyzes a pattern to be displayed by the 
image data for each block and determines whether Ihe pattern generates the 

15 flicker. The signal controller 200 changes the inversion type if the pattern is 
determined to generate the flicker. The signal controller 200 includes a line 
coxmter 210 and a block counter 220 for calculating the ordinals of each block, Le., 
for determining which line (row) the block belongs to and how the block stands 
in the line. The line coimter 210 and the block counter 220 count based on the 

20 data enable signal DE or the synchronization signals Hs5aic and Vsync. 

For example, the line counter 210 counts the lines by counting high level 
sections of the data enable signal DE when RGB image data for a line is inputted 
dming a high level section of the data enable signal after a ptdse of the vertical 
synchronization signal Vsync, Alternatively, the line counter 210 counts the 

25 lines by counting high level sections of the horizontal synchronization signal 
Hsync. 

The block coimter 220 counts tlie blocks by raising one for every 
predetermined number of the periods of the main clock MCLK duriag a liigh 
level section of the data enable signal DE since the image data for a pixel or a 
30 plurality of pixels are transmitted in synchi'onization with tlie main dock MCLK. 
Accordingly, the block counter 220 cotmts one for N periods of the main dock 
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MCLK when the RGB image data for one pixel are transmitted for a clock. 
Alternatively, the block counter 220 starts coxmting after a predetermined 
number of dodcs from the input of a pulse of the horizontal synchronization 
signal Hsjoic when the data enable signal DE becomes high after tiie 
5 predetermined number of clocks after Ihe pulse of the horizontal synchronization 
signal Hsync. 

A method of changing the inversion type of an LCD accordiitg to an 
embodiment of the present invention after the determination of tlie pattern 
causing the flicker is described in detail with reference to Figs. 4-8. 

10 This embodiment calculates the difference in gi'ay of the RGB image 

data between two adjacent pixels in a block, and increases die value of a positive 
dot pixel value BP or a negative dot pixel value BN when any one of the gray 
differences of the respective RGB image data is larger dian a critical value. Then, 
tliis embodiment determines a type of die block from the positive dot pixel value 

15 BP or the negative dot pixel VEilue BN and thus the pattern to be formed by the 
block to determine the generation of the flicker. 

First, a method of changing the inversion type of an LCD subject to the 
one-dot inversion upon the determination of the generation of the flicker is 
described in detail with reference to Figs. 4, 5A and 5B. 

20 Fig. 4 is a flow chart illustrating a method of changing flie inversion 

type according to an embodiment of the present uwention, and Figs. 5A and 5B 
show one dot blocks. 

As shown in Fig. 4, die value of a register representing tiie nimiber NBl 
of one-dot blocks is initialized when a frame starts (S401)/ and a pair of registers 

25 representing a positive dot pixel values BP and a negative dot pixel values BN 
(5402). 

The positive dot pixel value BP is defined as the number of pairs of 
adjacent odd and even pixels satisfying Relation 1, where the gray of the odd 
pixel is larger than tiiat of tiie even pixel. Likewise, the negative dot pixel value 
30 BN is defined as the numbei- of pairs of adjacent odd and even pixels such that 
the gray of the odd pixel is smaller than that of the even pixel. 
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|P2„-l-P2n|>Pth, (1) 

where P2n.i and P2n indicate tiie gi'ays of the odd pixel and tlie even pixel, 
respectively, Pth indicates the critical value, and n is a natural number from 1 to 
N/2. 

5 The gi'ay difference (P2ivi-P2n) between an odd pixel and an even pixel 

adjacent to each otlier in a block is calculated (S403), and it is determined 
whether the absolute value of the gray difference (P2n-i-P2n) is larger than the 
critical value Pth as shown in Relation 1 (S404). The signal controller 200 
determines the grays P211.1 and Pan of the pixels from image data received from a 

10 graphics controller. The gray differences for the RGB are independently 
determined, and the critical values Pfli may be different for liie RGB. In 
particular, since a dot pattern for the green color G is easily perceived compared 
with the red color R and the blue color B even though the gray difference 
(P2n-i-P2n) is small, the critical value Pth for the green color G is set to be sir\aller 

15 than those for the red and blue colors R and B. For example, the aitical values 
Pth for the red, green and blue colors R, G and B are 16, 8 and 16, respectively. 

When any of the RGB image data for the pair of the odd and even pixels 
satisfies Relation 1, the positive dot pixel value BP is increased by one if the gray 
difference {P2n-i"P2n) calculated in the step S 403 is positive, while the negative dot 

20 pixel value BN is increased by one if the gray difference (P2n-i-P2n) is negative 
(S405). When Relation 1 is not satisfied in the step S404 or after the step S405 is 
completed for those satisfying Relation 1, it is determined whether the pixel pair 
is the last pair of the block (S406). If it is determined that the pixel pair is not the 
last pair of the block, the procedure returns to the step (S404) such that the gray 

25 difference of a next pair of adjacent two pixels is calculated. However, if it is 
determined that the pixel pair is tlie last pair, it is deteiniined whether tlie bloclc 
coiTesponds to a one-dot block since the gray differences for all pairs of the 
adjacent two pixels in die block are calculated. 

In detail, if the positive dot pixel value BP is equal to half of the number 

30 N of the pixels in the block, it is written into a memory that the ouTent block is a 
positive dot block (S411), it is determined from block information of a previous 
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line stored in the memory whether a block in the previous line located at an 
equivalent position as the current block is a negative dot block (S412). The line 
counter 210 and the block counter 220 confirm which block belongs to the 
previous line and stands at ttie equivaleat position in the previous line as the 
5 current block. The memory may be incorporated in tlie signal controller 200 or 
external to the signal controller. If it is determined tliat the current block is a 
positive dot block and the equivalent block in the previous line is a negative dot 
block as shown in Fig. 5A, the number NBl of tlie one-dot blocks are increased 
by one *(S413). 

10 Likevdse, if the negative dot pixel value BN is equal to N/ 2, it is written 

mto the memory that the current block is a negative dot block (S421), it is 
determined from the block inf onnation of the previous line stored in the memory 
whether the equivalent block in the previous line is a positive dot block (S422). 
If it is determined that the cmxent block is a negative dot block and tlie 

15 equivalent block in the previous line is a positive dot block as shown in Fig. 5B, 
. the number NBl of the one-dot blocks are increased by one (S413). 

If both the positive dot pixel value BP and the negative dot pixel value 
BN ai-e not equal to N/2, it is written into the memory that the current block is 
not a dot block (S431). 

20 After it is determined that the current block is a one-dot blocl^, it is 

determined whether the current block is the last block in the line (S441). For 
example, when a block includes 16 pixels, the block counter 220 counts the blocks 
by considering the image data for 16 pixels based on internal or external clock of 
the signal controller 200. Since an SXGA LCD includes 80 blocks in a line, it is 

25 determined that the current block is the last block when the count value of the 
block counter 220 is equal to 80. If the count value of the block counter 220 is 
not equal to 80, it is detennined whether a next block is a one-dot block through 
the steps S402 to S441. 

If the current block is determined to be the last block of the blodc, it is 

30 determined whether the line including tlie block is the last line, i.e., located at an 
end of a frame through the line counter 210 (S442). The line comiter 210, as 
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described above, counts the lines whenever the data enable signal DE or the 
horizontal synchronization signal Hsync becomes an enable state, and it is 
deterniined to be tiie end of tlie frame if the count number of the liiie counter 210 
reaches the vertical resolution of the LCD. If the current line is not the end of 
5 the frame, the cotmt value of tlie blod< counter 220 is initiahzed and the 
determination for blocks of a next line is peii ormed through the steps S402 to 
S442. 

After the determination for all blocks in a frame through the steps S401 
to S442 is finished, it is determined whether tiie number NBl of tlie one-dot 
10 blocks is equal to a value that resxilts in the determination that the current fi-ame 
displays a one-dot pattern (S443). For example, it is assumed that the current 
frame displays a one-dot pattern if the one-dot blocks in a frame occupy 60% of 
the total blocks in a frame. The n, it is determined whether the number NBl of 
the one-dot blocks is equal to or larger than 49,152 (=81,920x0.6) for an SXGA 
1 5 panel when each block includes 16 pixels. 

If the current frame is determined to display a one-dot pattern, the 
signal controller 200 changes the one-dot inversion into another inversion type 
(S444). For example, column inversion is adapted for a dual-source panel. 

The above-desadbed embodiment of the present invention reduces flie 
20 flicker by changing the one-dot inversion gen erating the flicker into another 
inversion type. 

Although the above-described embodiment illustrates the change of the 
one-dot inversion generating the flicker into another inversion type, the column 
inversion may generate flicker, which will be described with reference to Figs. 6, 
25 7a and 7b. 

Fig. 6 is a flow chart illustrating a method of changing the inversion 
type according to another embodiment of the present invention, and Figs. 7a and 
7b show double-dot blocks. 

A metiiod for changing the column inversion into anotlier inversion, 
30 when a colixmn pattern is determined, is similar to that shown in Fig. 4 except 
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that a double-dot block is determined when botii of two equi-positional blocks in 
two adjacent lines are positive dot blocks or negative dot blocks. 

In detail, the values of registers indicating die number NB of dot blocks 
and the number NB2 of double-dot blocks are initialized as shown in Fig. 6 (S601), 
5 and Hie values of registers indicating a positive dot pixel value BP and a negative 
dot pixel value BN for a bloclc is initialized (S602). Next, the positive dot pixel 
value BP and the negative dot pbcd value BN of a current block are calculated by 
the gi-ay comparison shown in Relation 1 like the steps S403 to S406 shown in Fig. 
4 (S603-S606). 

10 . Wlien the positive dot pixel value BP for the block is equal to N/ 2, it is 

written into a memory that the current bloclc is a positive dot block (S611) and 
tlie number NB of the dot blodcs is increased by one (S612). In addition, it is 
determined fi'om block information of a previous hne stored in the memory 
whether an equi-positional bloclc in the previous line is a positive dot bloclc 

15 (S613). If both the two blocks are positive dot blocks as shown in Fig. 7a, the 
nxmiber NB2 of the double-dot blocks is increased by one (S614). 

Likewise, the negative dot pixel value BN is equal to N/2, it is written 
into a memory that the current block is a negative dot block (S621), the number 
NB of the dot blocks is increased by one (S622). In addition, it is determined 

20 from block information of the previous line stored in the memory whether an 
equi-positional block in the previous line is a negative dot block (S623). If both 
the two blocks are negative dot blocks as shown in Fig. 7B, fee number NB2 of 
Ihe double-dot blocks is increased by one (S614). 

If both the positive dot pixel value BP and the negative dot pixel value 

25 BN are not equal to N/2, it is written in the memory that the current block is not 
adotblock(S631). 

After it is determined whether tiie current block is a dot block or a 
double-dot block, it is determined whether the current block is the last block in 
the line as illusti-ated in the step S441 shown in Fig. 4 (S641). If it is determined 

30 that the current block is not the last block of the line, it is determined whether a 
next block is a one-dot block or a double-dot block through the steps S602 to S641. 
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If die current block is determined to be the last block of the block/ it is 
determined whether the line including the block is located at an end of a frame as 
shown in the step S442 shown in Fig. 4 (S642). If the current line is not tlie end 
of the frame, die coiuit value of die block counter 220 is initialized and tlie 
5 determination for blocks of a next line is perfonned through the steps S602 to 
S642. 

After the determination for aU blocks in a frame through the steps S601 
to S642 is finished, it is determined whether die number NB2 of the 
double-dot blocks is equal to a value tliat results in the determination that the 

10 current frame displays a column pattern (S643). For example, a cuiTent frame is 
determined to display a column pattern when tlie number NB of the dot bloclcs is 
equal to 60% of the number M of the total blocks and the number NB2 of the 
double-dot blocks is equal to 90% of the number NB of the dot blocks. 
Alternatively/ a current frame is determined to display a column pattern when 

15 the number NB2 of the double-dot blocks is equal to a predetermined percentage 
of the number M of the total blocks. If the current frame is determined to 
display a column pattern, the signal controller 200 changes the column inversion 
-into another inversion (S644). 

The above-described embodiment of the present invention reduces tlie 

20 flicker by changing flie coliunn inversion into another inversion upon the 
generation of a column pattern. 

Although the embodiment shown in Fig. 6 determines the generation of 
the flicker based on successive positive and negative dot blocks, they may be 
separately determined, which will be desaibed hereinafter with reference to Fig. 

25 8, 

Fig. 8 is a flow chart illustrating a method of changing tiie inversion 
type according to another embodiment of the present invention. 

A method for changing the inversion type according to the embodiment 
of the present invention shown in Fig. 8 is similar to that shown in Fig. 6 except 
30 diat positive double-dot blocks and negative double-dot block are stored in 
different manner. 
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In detail, the values of registers indicating ttie number NBP of the 
positive dot blocks, the number NBN of the negative dot blocks, the number 
NBP2 of the positive double-dot blocks, and the number NBN2 of the negative 
double-dot blocks are initialized (S801), and the values of registers indicating a 
5 positive dot pixel value BP and a negative dot pixel value BN for a block is 
initialized ai'e initialized (S802). Next, the positive dot pixel value BP and the 
negative dot pixel value BN of a current block are calculated by the giay 
comparison shown in Relation 1 like the steps S603 to S606 shown in Fig. 6 
(S803-S806). 

10 Wlien the cunent block is a positive dot bloclc, it is written tliat tlie 

current block is a positive dot block (S811) and the number NBP of the positive 
dot blocks is increased by one like the steps S611 to S613 shown in Fig, 6 (S812). 
It is determined whelher a dot block of a previous line is a positive dot block 
(S813), and tlie ntunber NBP2 of tlae positive double-dot blocks is increased by 

15 one if the dot blocks of both the current line and the previous line are positive dot 
blocks (S814). 

Likewise, when the current block is a negative dot block, it is wiitten 
that the current block is a negative dot block (S821), the number NBN of the 
negative dot blocks is increased by one (S822). It is determined whethei* a dot 
20 block of a previous line is, a negative dot block (S823), the niunber NBN2 of the 
negative double-dot blocks is increased by one if the dot blocks of both the 
current line and the previous line are negative dot blocks (S824). 

If both the positive dot pixel value BP and the negative dot pixel value 
BN are not equal to N/2, it is written that the current block is not a dot block 
25 (S831). 

Next, it is determined whether each block in a frame is positive or 
negative dot block or positive or negative double-dot block like the steps S641 
and S642 shown in Fig. 6 (S841 and S842). After the determination for all blocks 
in a frame through the steps S801 to it is determined whether a current 
30 frame displays a column pattern. The ciuTent frame is determined to display a 
(positive) colimm pattern and the inversion type is changed when the ntunber 
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NBP of the positive dot blocks is equal to ox larger than a aitical value of tiie 
number M of flie total blocks and the number NBP2 of the positive double-dot 
blocks is equal to or larger ihsn a aitical value of the number NBP of the positive 
dot blod^s (S843). When the condition illustrated in the step S843 is not satisfied, 
it is determined whetlier the number NBN of the negative dot blocks is equal to 
or larger tlian a critical value of the number M of the total blocks and tlie number 
NBN2 of the negative double-dot bloclcs is equal to or larger tlian a critical value 
of tlie number NBN of die negative dot blocks. If Hie condition is satisfied (i.e., 
a negative column pattern is generated), the inversion type is changed (S844). 
Hie sequence of the steps S843 and S844 may be exchanged. 

The present invention reduces flicker by determining patterns causing 
flicker from the image data for flie pixels and changing the inversion type upon 
the determination of the patterns resulting in the flicker. 

While the present invention has been described in detail with reference 
to tlie prefen-ed embodiments, those skilled in the ai-t will appreciate that various 
modifications and substitutions can be made thereto without departing from the 
spirit and scope of the present invention as set forth in tiie appended claims. 
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